Abstract
INTRODUCTION
The introduction of endoscopic submucosal dissection (ESD) has led to great advances in the endoscopic treatment of gastric cancer. ESD has been adopted as an established standard treatment for early gastric tumors with the proven capacity to remove large lesions exceeding 2 cm in diameter [1, 2] . However, this method sometimes causes complications such as bleeding and perforation. Even when ESD is successfully performed, the ESD-induced ulcers are exposed to gastric acid, pepsin, and mechanical stimuli. Exposure of the ulcers to these elements introduces a risk of delayed perforation or bleeding for several days after the ESD procedure. Patients, therefore, generally must remain in hospital for 5-7 d post-operation [3] . The endoscopic purse-string suture [4] , "loop clip" [5] , slip knot clip suturing method [6] , and string clip suturing method [7] have been reported to be useful for closure of large mucosal defect. The success rates of these methods are over 90%. However, these methods require an endo-loop, double-channel endoscope, string, or supplemental devices. Our group previously developed a simple closure method using only conventional clips [8] . The endoscopic mucosa-submucosa clip closure method is effective in completely closing mucosal defects as large as 2-4 cm in diameter after colorectal ESD [9] . Here we report the results of a clinical pilot study to investigate the use of the endoscopic mucosa-submucosa clip closure method after gastric ESD.
MATERIALS AND METHODS

Patients
Patients with early gastric cancers of less than 35 mm in diameter were selected for inclusion in this study. The exclusion criteria were as follows: (1) Specimen diameter of more than 50 mm; (2) Tumor extension to the cardia or pyloric ring; (3) Suspected submucosal invasion; (4) Tumor with indistinct borders; and (5) Judgment by the operator that the mucosal defect cannot be closed. Seventy patients underwent gastric ESD at Tokyo Medical Center between May 2018 and February 2019. Of these, 22 patients underwent mucosa-submucosa clip closure after gastric ESD. The protocol of this trial was approved by the in-facility review committee of the Tokyo Medical Center (registration number: R17-106). Written informed consent was obtained from all patients.
Mucosa-submucosa clip closure method
Several standard endo-clips [EZ Clip, HX-610-090L (long-type), Olympus, Tokyo, Japan] were placed at the edges of the mucosal defect [8] . In some cases, a Resolution™ Clip Device (Boston Scientific, Boston, MA, United States) was also occasionally used. The two arms of the endo-clips respectively gripped the mucosa and submucosa in the direction parallel to the short axis of the mucosal defect. Additional endo-clips were then applied in the same way to facilitate the gradual reduction in defect size. Additional endo-clips can then be applied to both sides of the mucosal defect. Complete closure is then achieved. Furthermore, endoscopic inspection was performed to visually confirm complete closure (Figure 1 ). The endoscopic procedure was carried out using a GIF-Q260J, GIF-H260Z, or GIF-2 TMQ260M (Olympus Co., Tokyo, Japan).
Evaluation of the procedure
Outcomes: We evaluated the success rate, size of the resected specimen, location of the lesion, procedure time, number of clips, adverse events, and length of hospital stay. The areas of the resected specimens were measured using Image J software (National Institutes of Health, Unites States).
The success rate was defined as the percentage of successes (complete closure of mucosal defect) in the patients enrolled. "Complete closure of the mucosal defect" was defined as complete closure of the whole resection site with clips. The procedure time was measured from the insertion of the first clip to completion of the procedure.
Closure difficulty index:
The difficulty in closing the defects was assessed by assigning a "closure difficulty index" defined as: The "size of the resected specimen (mm)" × "location score." The location score was assigned as follows: The posterior wall of the stomach and anterior wall or lessor curvature of the upper third stomach were scored as 3; the greater curvature of the upper or middle third stomach was scored as 1; other areas were scored as 2. Mucosal defects were difficult to close in the posterior wall of the stomach and anterior wall or lessor curvature of the upper third stomach, because a lateral view approach had to be taken. Defects were relatively easy to close in the greater curvature of the upper or middle third stomach, because the gastric wall was relatively thin and soft and a front view approach could be taken.
Adverse events: Perforation during ESD was diagnosed if mesenteric fat or intraabdominal space was observed during the ESD procedure or if free air was detected on chest and abdominal radiographs. Delayed perforation was defined when a patient manifested no signs of perforation during ESD and no symptoms immediately after tumor removal but later complained of sudden abdominal pain and manifested free air on X-ray. Delayed bleeding was defined as bleeding symptoms or hemoglobin loss (≥ 2 g/dL).
Statistics
Each continuous variable was expressed as a mean ± standard deviation. Differences between the two groups were detected using the Student's t-test or Welch's t-test for continuous data. Categorical secondary outcomes were compared using the chisquared test. A P value of less than 0.05 was considered statistically significant. All statistical analyses were performed using Stat Mate IV software (ATOMS, Tokyo, Japan).
RESULTS
The characteristics of the complete closure group and failure group are summarized in Table 1 . The success rate of the endoscopic mucosa-submucosa clip closure method was 68.2% (15/22) . Of the 7 cases in the failure group, 3 had partial closure of more than 80% but failed to achieve complete closure. The specimens resected from the failure group were larger than those resected from the complete closure group, but not significantly (P = 0.087). The failure group had a significantly higher location score (P = 0.023) and closure difficulty index (P = 0.007) than the complete closure group.
There were no significant differences between the complete closure group and failure group in delayed perforation, delayed bleeding, and the length of hospital stay ( Table 1) . When the cutoff value of the closure difficulty index was set at 99, the high index (≥ 99) predicted failure with a sensitivity of 57.1%, specificity of 100%, positive predictive value of 100%, negative predictive value of 83.3%, and accuracy of 86.3% (Table 2 ). In cases with a high closure difficulty index (≥ 99), the success rate of the endoscopic mucosa-submucosa clip closure method was 0% (0/4).
DISCUSSION
We hypothesized that the endoscopic mucosa-submucosa clip closure method would close gastric mucosal defects of around 2-4 cm in diameter. This study failed to confirm that this method could perform reliably after gastric ESD.
Endoscopic mucosa-submucosa clip closure was often unachieved, especially in cases with a high closure difficulty index (≥ 99). We developed the "closure difficulty index" in the belief that the location and size of a mucosal defect were the main factors underlying difficulty in closure. To the best of our knowledge, the present study is the first to report a useful predictor of failure of gastric mucosal defect closure. Endoscopists should consider other closure methods or forgo closing altogether in cases with a high closure difficulty index.
Few reports have described the closure of post-gastric ESD compared with postcolorectal ESD [4, [10] [11] [12] [13] [14] . The lesser degree of closure of post-gastric ESD likely stems from the difficulty in closing a large mucosal defect, because the gastric wall is thick and hard. Li et al [10] reported that mucosal closure with a detachable snare and clips has a success rate of 61% (16/26). Maekawa et al [15] reported that a combined method using over-the-scope clips and through-the-scope clips had a success rate of 91.7% (11/12), but the patients selected for their study had gastric tumors of 3 cm in diameter or less. More effective methods are expected to be developed in the future for larger lesions.
The limitations of this study include its retrospective design. The study was also single-armed and did not compare the superiority of the mucosa-submucosa clip closure method with other methods. Furthermore, the small number of patients was also a limiting factor. These issues should be re-evaluated in larger prospective studies in the future. In conclusion, the endoscopic mucosa-submucosa clip closure method was unreliable after gastric ESD, especially in cases with a high closure difficulty index. 
ARTICLE HIGHLIGHTS
Research background
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= 0.023) and closure difficulty index (P = 0.007) than the complete closure group. When the cutoff value of the closure difficulty index was set at 99, the high closure difficulty index predicted failure with a sensitivity of 57.1%, specificity of 100%, and accuracy of 86.3%.
Research conclusions
The endoscopic mucosa-submucosa clip closure method after gastric ESD would fail in cases with a high closure difficulty index.
Research perspectives
The endoscopic mucosa-submucosa clip closure method is effective in completely closing mucosal defects as large as 2-4 cm in diameter after colorectal ESD.
